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(54) [Title of the Invention] Method 
of Manufacturing Cathode Ray Tube 



(57) [Abstract] 

[Subject] To provide a method of 
manufacturing a cathode ray tube, 
which is capable of improving an 
electron emission characteristic by 
means of cleaning a cathode in a 
process of exhausting the cathode ray 
tube. 
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[Solving Means] A getter device which is contained in a tube, is heated 
while the tube is heated and exhausted, and electrons are emitted from the 
cathode while gas is emitted by means of heating this getter device. 
Thereafter, an exhaust pipe of the tube is sealed to maintain a vacuum with 
an adsorption function of the getter device. 
[What is claimed is] 

[Claim 1] A method of manufacturing a cathode ray tube, in which a getter 
device, which is contained in a tube, is heated while the tube is heated and 
exhausted, and then an exhaust pipe of the tube is sealed to maintain a 
vacuum with an adsorption function of the getter device, is characterized in 
that electrons are emitted from a cathode ray tube while gas is emitted by 
means of heating the getter device. 

[Claim 2] The method of manufacturing a cathode ray tube according to 
claim 1, wherein the sum of partial pressures of gases contained in compo- 
nents of the gas, which have a mass number equal to 4 or less, is 
maintained to occupy 50% or more of a total pressure of the gas while the 
electrons are emitted. 

[Claim 3] The method of manufacturing a cathode ray tube according to 
claim 1, wherein the cathode is a micro field emitter, and a potential differ- 
ence of a potential of any portions within the tube relative to a potential of a 
cathode cone of the micro field emitter is lOOV or less while the electrons 
are emitted. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a cathode ray tube in which a get- 
ter device is attached for increasing a vacuum level. 
[0002] 
[Prior Arts] 

Conventionally, the cathode ray tube has been constituted in such a 
manner that a getter device attached within a tube thereof, the inside of the 
tube is exhausted to vacuum, and sealed (chipped off). Thereafter, a getter 
agent in the getter device is evaporated and scattered by means of a high- 
frequency induction heating apparatus, and residual gas is adsorbed to the 
getter agent. Thus, the vacuum level within the tube is increased. 
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[0003] 

Examples of the cathode ray tube include a wide range of products 
such as a television set, a Cathode Ray Tube (CRT) used for a monitor 
screen of a computer, a thin-type display tube called a Field Emission Dis- 
play (FED) and a traveling wave tube (TWT) used for a high-frequency 
amplifier and a high-frequency oscillator. 
[0004] 

Fig. 7 shows a CRT as a constitution example of the conventional 
cathode ray tube. In Fig. 7, the cathode ray tube comprises a tube 1 as a 
vacuum container, a cathode 2 as an electron emission source and a getter 
device 3 for increasing a vacuum level. As the electron emission source, a 
thermionic cathode emitting electrons by heating a target consisted of a 
substance and a structure where electrons are apt to be emitted, and a field 
emission type-cold cathode called a micro field emitter are used. The field 
emission type-cold cathode is an electron source constituted in the following 
manner. Specifically, a cathode cone as a cone-shaped and sharp electron 
emission portion is provided on a conductive substrate. Next, an insulating 
layer is provided on the conductive substrate so as to surround the cathode 
cone. Subsequently, a gate layer having emission holes of a sub micron lev- 
el so as to expose the cathode cone is provided on the insulating layer. 
Moreover, a positive voltage relative to the cathode cone is applied to the 
gate layer. Finally, electrons are emitted into a vacuum from a tip of the 
cathode cone. The foregoing cold cathode is described in, for example, the 
gazette of Japanese Patent Laid-Open No. Hei 7-147129. Moreover, the 
getter device is described in the gazette of Japanese Patent Laid-Open No. 
Hei 8-124502. Furthermore, the getter agent using barium, which is called 
a barium getter, is generally used. This barium getter is generally pre- 
pared in a state of a barium-nickel alloy for stabilization thereof in the 
atmosphere. 
[0005] 

A chip pipe 4 as a vacuum port for exhaust is provided in the tube 1. 
The chip pipe 4 is made of glass, and can be sealed (chipped off) by softening 
with heater heating at the time of exhaust completion. An electron lens 6 
for controlling the orbit of the electrons is disposed along the electron emis- 
sion direction in the vicinity of the cathode 2. A hermetic pin 5 is provided 
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to apply a voltage to the electron lens 6 and to apply a voltage to the cath- 
ode 2. 
[0006] 

Fig. 8 shows a constitution of an exhaust device of the conventional 
cathode ray tube. An exhaust manifold 7 is communicated with the chip 
pipe 4 of the tube 1 of the cathode ray tube. An O-ring made of rubber is 
provided on the exhaust manifold 7, and the exhaust manifold 7 covers 
tightly an outer diameter of the chip pipe 4 through the O-ring to form a 
hermetic structure. And, a vacuum pump 9 is communicated with the ex- 
haust manifold 7 through the vacuum pump 9. 
[0007] 

A necessary exhaust ultimate vacuum level of the cathode ray tube 
ranges from 1 X 10"^ Torr to 1 X 10^ Torr. Accordingly, for the vacuum 
pump 9, a combination of an oil diffusion pump and an oil-sealed rotary 
pump or a combination of a turbo molecular pump and an oil-sealed rotary 
pump is used. However, since it is difficult to obtain the foregoing neces- 
sary exhaust ultimate vacuum level only by vacuuming through the fine 
chip pipe, an adsorption operation by means of the getter device is also used 
in general. Therefore, a getter device 3 is provided within the tube 1. As a 
device for heating the getter device from the outside of the tube 1, an induc- 
tion heating coil 11 is provided. 
[0008] 

This induction heating coil 11 is set so as to give a sufficient energy 
to evaporate and scatter the getter agent in the getter device 3 to the getter 
agent. Heating the getter agent is as described in the gazette of Japanese 
Patent Laid-Open No. 7-85793 and the gazette of Japanese Patent Laid- 
Open No. 8-124502, Note that there is a case where an optical sensor for 
monitoring an overheat state of the getter agent by a color temperature is 
provided to monitor the temperature of the getter agent through a trans- 
parent portion of the CRT. 
[0009] 

For the purpose of increasing the ultimate vacuum level and for 
shortening an exhausting time, the tube 1 is accommodated in a heating 
furnace 10. Since a softening point of glass as a material of the tube 1 is 
about 400 t:, the heating furnace 10 is set so as to heat the tube 1 at a 



0 



5 



Tbkkaihei 10-283930 



temperature less than 400 "C. When the tube 1 is heated, temperatures of 
the chip pipe 4 and the exhaust manifold 7 are elevated. The exhaust 
manifold 7 may be partially cooled. However, when there is an extreme 
temperature difference between an end portion of the chip pipe 4 made of 
glass in the side of the exhaust manifold 7 and an end portion of the chip 
pipe 4 in the side of the tube 1, a crack occurs. Accordingly, the exhaust 
manifold 7 is practically adjusted to be cooled too much. A temperature of 
the portion of the hermetic pin 5 is equal to that of the main tube. An in- 
duction heating coil (not shown) for heating an electrode of the electron lens 
6 and an electric heater 12 for sealing the chip pipe 4 are also provided. 
[0010] 

Fig. 9 is a flowchart schematically showing a process of exhausting 
the conventional cathode ray tube. A summary of the exhausting process is 
as follows: (1) The chip pipe of the tube is first attached to the manifold by 
using the exhaust apparatus shown in Fig. 8; (2) Vacuuming for the inside 
of the tube starts, and exhausting continues; (3) The tube is heated and 
cooled in the heating furnace under a constant temperature profile that 
heating is performed in the first half and cooling is performed in the second 
half; and (4) The chip pipe of the tube is sealed (chipped off) in the cooling 
step under the temperature profile. 
[0011] 

An example of heating and cooling the tube in the heating furnace 
under the constant temperature profile is described in the gazette of Ja- 
panese Patent Laid-Open No. Hei 4-32130. There are many cases where a 
step called electrode baking is performed in a period of the tube heating 
step. The electrode baking is a step of emitting gas from the electrode by 
performing induction heating for the electron lens of the cathode ray tube. 
Exhausting gas emitted in the electrode baking step is generally performed 
during the tube cooling step of the temperature profile. 
[0012] 

Moreover, in the exhausting process, a step of evaporating and scat- 
tering the getter agent immediately before sealing the chip pipe is 
performed. Alternatively, the step of evaporating and scattering the getter 
agent may be performed after sealing the chip pipe. The getter agent has 
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inert gases such as argon and helium, the getter agent does not have such 

adsorption function. 

[0013] 

In the former case, that is, in the case of evaporating and scattering 
the getter before sealing (chipping off) the chip pipe, the inert gas emitted 
from the getter can be partially removed by means of the vacuum pump. 
On the contrary, in the latter case, that is, in the case of evaporating and 
scattering the getter after sealing the chip pipe, the created inert gas re- 
mains as it is. It is known that a large amount of argon gas particularly 
remains in the latter case. 
[0014] 

Moreover, in the former case, the getter agent exhibits a relatively 
rapid adsorption function for the gas other than the inert gas from the point 
of time when the getter agent is evaporated and scattered. Therefore, 
when exhausting is performed for a long time without performing sealing 
(chipping off) after evaporating and scattering the getter, the gas other than 
the inert gas within the vacuum pump is induced and adsorbed, thus a 
counter-pressure phenomenon occurs. When the counter-pressure phe- 
nomenon occurs, contamination such as oil in the vacuum pump is sent out. 
Thus, a vacuum state within the tube is extremely deteriorated. Accord- 
ingly, it is necessary to perform sealing (chipping off) prior to an occurrence 
of the counter-pressure phenomenon as described above. 
[0015] 

In both of the former and the latter case in the above-described get- 
ter heating process, electrons are not emitted from the cathode in a period 
of time when a vacuum level is deteriorated due to gas emission from the 
getter (hereinafter referred to as ''gas emission mode from the getter".) 
Electrons are emitted from the cathode while the vacuum level is higher 
than 1 X 10'^ Torr by the adsorption function of the getter (hereinafter 
referred to as "gas adsorption mode by the getter".) 
[0016] 

Fig. 10 shows an example of the conventional corresponding relation 
between the above-described modes and the electron emission, that is, cath- 
ode driving. As shown in the drawing, while the gas emission mode from 
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driven. While the adsorption mode by the getter is brought about, driving 
is first performed for the electron emission. Note that, for a CRT using a 
cathode called an oxide cathode, there is a step called cathode decomposi- 
tion. Herein, a step of electrically heating the cathode while an oxygen 
concentration is relatively high immediately after the start of vacuum is 
generally employed. In this case, the step is for oxidizing the cathode, and 
the electron emission is not intended. 
[0017] 

[Problems to be Solved by the Invention] 

In the conventional cathode ray tube and the method of manufac- 
turing the same, there has been a problem that the residual inert gas 
within the tube cannot be removed after the sealing (chipping off) of the 
chip pipe is performed. Therefore, as described above, after the step of 
evaporating and scattering the getter where a large amount of the inert 
gas is emitted, the seahng (chipping off) is executed. In this case, as de- 
scribed above, the seaUng (chipping off) must be performed before an 
occurrence of the counter-pressure phenomenon. 
[0018]] 

On the other hand, the cathode of the cathode ray tube needs to be 
subjected to pre-treatment for improving an electron emission characteristic 
thereof. Herein, an electron emission efficiency is low when the tip of the 
emitter cone made of molybdenum is contaminated or oxidized in the cold 
cathode using the micro field emitter. Therefore, as pre-treatment methods, 
a surface of the cathode is cleaned by being subjected to heating processing 
in vacuum, a self-increment function of the electron emission by continuing 
the electron emission (generally referred to as "aging") is generated, and a 
contamination layer or an oxide layer of the surface are removed by means 
of ion sputtering. The ion sputtering is the most effective pre-treatment 
when the contamination is severe or the oxide is thick. However, in the 
process of exhausting the conventional cathode ray tube, a necessary 
amount of sputtering gas cannot be introduced within the tube to remove 
the residual sputtering gas after the pre-treatment for the cathode is com- 
pleted. Therefore, a necessary vacuum level cannot be achieved. In order 
to prevent formation of a compound on the cathode surface after removing 
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[0019] 

In order to solve the above-described problems on the prior arts, the 
object of the present invention is to provide a method of manufacturing a 
cathode ray tube, which is capable of improving the electron emission char- 
acteristic by means of cleaning a cathode in a process of exhausting the 
cathode ray tube. 
[0020] 

[Means for Solving the Problems] 

In order to achieve the above-described object, the present invention 
provides a method of manufacturing a cathode ray tube, in which a getter 
device incorporated in a tube is heated while the tube is heated and ex- 
hausted, and then an exhaust pipe of the tube is sealed to maintain a 
vacuum with an adsorption function of the getter device, characterized in 
that electrons are emitted from a cathode while gas is emitted by means of 
heating the getter device, and then the vacuum is sealed. 
[0021] 

Moreover, the sum of partial pressures of gases contained in compo- 
nents of the gas, which have a mass number equal to 4 or less, is preferably 
maintained to occupy 50% or more of a total pressure of the gas while the 
electrons are emitted. Alternatively, the cathode is a micro field emitter, 
and a potential difference of a potential of any portions within the tube 
relative to a potential of a cathode cone of the micro field emitter is prefera- 
bly lOOV or less while the electrons are emitted. 
[0022] 
(Operation) 

As described above, in the present invention, in the process of ex- 
hausting the cathode ray tube, electrons are emitted from the cathode while 
gas is emitted by heating the getter device provided to maintain a vacuum 
level of the tube. As a result, the gas emitted from the getter device is ion- 
ized, and the ions are radiated to the cathode. With this sputtering 
operation, the cathode is cleaned, and the electron emission characteristic is 
improved. 
[0023] 

Particularly, the sum of the partial pressures of the gases contained 
m the components of the gas, which have a mass number equal to 4 or less. 
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is maintained to occupy 50% or more of the total pressure of the gas while 
the electrons are emitted. Thus, the sputtering operation caused mainly by 
ions from gases having respectively a small mass occurs. Accordingly, a 
damage to the cathode can be lowered. Moreover, gases and secondary 
electrons emitted from the cathode by the sputtering operation are lowered, 
and discharge breakdown induced by the sputtering operation is also re- 
pressed. 
[0024] 

Moreover, a potential difference of a potential of any portions within 
the tube relative to a potential of an electron emission portion of the cath- 
ode (e.g., a cathode cone of the micro field emitter) is set to be lOOV or less 
while the electrons are emitted. Thus, discharge breakdown induced by ion 
bombardment is controlled. 
[0025] 

[Preferred embodiment of the Invention] 

Descriptions will be made for a preferred embodiment of the present 
invention with reference to the accompanying drawings below. 
[0026] 

First, as an embodiment corresponding to claim 1 of the present in- 
vention, a method of manufacturing a CRT using the micro field emitter as 
a cathode thereof is described. 
[0027] 

The process of manufacturing a CRT, particularly, the summary of 
the exhausting process are the same as the one described in the column of 
the prior arts with reference to Fig. 9. Specifically, as shown in Fig. 9: (1) 
The chip pipe of the tube is first attached to the manifold; (2) Vacuuming for 
the inside of the tube starts, and exhausting continues; (3) The tube is heat- 
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of this embodiment with reference to Fig. 1 below. The step of evaporating 
and scattering the getter agent by heating the getter device is performed in 
the exhausting process immediately before sealing the chip pipe. A vacuum 
level when the getter device is heated is set to be 1 x lO'^ Torr or less. 
When the getter is heated as shown in Fig. 1, substances contained in the 
getter agent and the container thereof are changed into gas and emitted. 
In the first half of the gas emission mode from the getter immediately after 
heating the getter, various kinds of gases exist within the tube. Most of the 
gases are ambient gases in the step of preparing the getter agent, and 
similar to the atmosphere components. In addition to nitrogen, oxygen and 
hydrogen, inert gases such as argon and helium exist. 
[0029] 

In the second half of the gas emission mode from the getter, with a 
pumping operation of the getter, active gases such as nitrogen, oxygen and 
hydrogen are reduced. Thus, the main components of the residual gas are 
two kinds of inert gases, that is, argon and helium. A state where a partial 
pressure of a gas component other than argon and helium is 1 x 10"^ Torr or 
less, and where a partial pressure of argon ranges from 1 x 10 ® Torr or more 
to 1 X 10-^ Torr or less is referred to as the second half of the gas emission 
mode from the getter. In the second half of this gas emission mode from 
the getter, a voltage is applied between the gate of the micro field emitter as 
the cathode and the cathode cone to emit electrons from the cathode cone. 
A potential of 500 V is applied in common to the electron lens disposed adja- 
cent to the cathode. A potential to an aperture grill is also set to be 500V. 
A potential to the gate is OV, and an initial potential to the cathode cone is - 
80V. The initial potential is a potential initially given to the cathode cone. 
A cathode current is monitored every one second, and a voltage is increased 
(moved to OV) so that the cathode current cannot exceed lO^A. Even if the 
cathode current does not reach lOpA, the voltage is not reduced (moved 
from OV). Note that the micro field emitter is used, in which a thousand of 
the cathode cones are arrayed in an area having a diameter of 50^. 
[0030] 

The electron emission by driving the micro field emitter is complet- 
ed in one to two minutes, and vacuuming continues to make a state where 
the partial pressure of argon is 1 x 10'® Torr or less. Then, sealing is per- 
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formed. After the sealing, the partial pressure of the residual gas, par- 
ticularly, the partial pressure of the active gas are reduced. In a state 
where the partial pressure of the residual gas other than argon and helium 
is 5 X 10^ Torr or less, the CRT is driven. Herein, the CRT is driven by a 
driving method generally called raster scan. 
[0031] 

Next, description will be made for an embodiment, which corre- 
sponds to claim 2 of the present invention with reference to Figs. 2 and 3. 
Figs 2 and 3 are respectively a flowchart showing a process and a graph ex- 
plaining a state within the tube, in which the method of manufacturing a 
CRT starts from exhausting immediately before heating the getter device, 
passes through the cathode driving and the sealing, and reaches the com- 
pletion of the second cathode driving. 
[0032] 

A summary of the process flow will be described with reference to 
Fig. 2. The electron lens is heated after heating the getter. Thereafter, 
electrons are emitted by driving the micro field emitter as the cathode. 
During this electron emission, sputtering is performed by use of residual 
gaseous ions within the tube to clean the surface of the cathode cone of the 
emitter. Exhausting continues after the emitter is driven, then sealing is 
performed. After the sealing, the tube is left for 30 minutes or more to fur- 
ther increase the vacuum level of the inside of the tube with the pump 
operation of the getter device. Then the second emitter driving is per- 
formed. This second driving is raster scan. 
[0033] 

Note that the step illustrated by a frame with a double line in Fig. 2, 
for example, the step of "getter heating" is shown as a step which actually 
starts and ends in a period of time thereof. On the other hand, the step il- 
lustrated by a frame with a single line, for example, the step of "exhausting" 
shows a state of a period of time thereof. Specifically, the step of "ex- 
hausting" is continuously performed from before "getter heating " to a 
moment of sealing with an emission-type vacuum pump such as a turbo 
molecular pump and an oil diffusion pump. The step of "getter pump op- 
eration" starts from a moment of heating the getter and continues after the 
process of Fig. 2 is completed. 
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[0034] 

Subsequently, detailed description will be made for the embodiment, 
which corresponds to claim 2, with reference to Figs. 2 and 3. Fig. 4 shows 
a constitution of an exhaust apparatus for performing the process of Fig. 2. 
Fig. 3 shows a state of vacuum levels within the tube, which correspond to 
each step of Fig. 2. 
[0035] 

The getter heating starts in a state where the total pressure within 
the tube is 1 x 10*® Torr or less. Temperatures of the getter agent and con- 
tainer are elevated by the getter heating, and as shown in Fig. 3, the total 
pressure and the partial pressure of argon and the like are increased. As a 
result of heating for twenty seconds, the total pressure reaches 1 x 10 ^ Torr. 
By stopping the heating, the temperatures are lowered to slow down a 
speed of gas emission. Thus, a vacuum level is improved by exhausting 
with the vacuum pump. The getter pump operation is added after stopping 
the getter heating, and hence the speed of improving the vacuum level gets 
faster than that before the getter heating. 
[0036] 

Electron lens heating (referred to as electrode heating) starts in five 
seconds after stopping the getter heating (in twenty five seconds counting 
from the start of the getter heating). The electron lens has already been 
subjected to in-vacuum high-temperature heating (800°C or more) prior to 
the process shown in Fig. 2. As shown in Fig. 3, by starting the electrode 
heating, the total pressure within the tube is increased. The temperature 
of the electrode heating is adjusted so that the total pressure within the tu- 
be cannot be in a counter pressure state relative to the exhausting 
capability of the vacuum pump, thus preventing the lowering of the total 
pressure. As an example, the electrode temperature is maintained to be 
300 "C. The electron lens has previously been heated in a hydrogen at- 
mosphere before the electron lens is attached to the tube. Therefore, the 
main component of the emission gas in the electrode heating at the above- 
described temperature is hydrogen. As a result, the pressure during the 
electrode heating is mainly occupied with hydrogen, helium and argon as 
shown in Fig. 3. And, the total pressure is maintained to be 1 x 10'^ Torr. 
This pressure is more than 1 x 10'^ Torr, which is a limit of the counter 
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pressure of the constitution of this exhaust apparatus. At the time of com- 
pleting the electrode heating for five seconds, the emitter driving is 
performed. 
[0037] 

A detail of the emitter driving is the same as the step of "applying a 
voltage between the gate of the micro field emitter as the cathode and the 
cathode cone to emit electrons from the cathode cone" described in the em- 
bodiment which corresponds to claim 1. This emitter driving step is made 
to continue for thirty seconds. During this period, the total pressure is 1 x 
10'^ Torr or less, which is more than 1 x 10 ^ Torr, and the sum of the partial 
pressures of helium and hydrogen is maintained to occupy 50% or more of 
the total pressure. Exhaust conductance of the vacuum pump and a quan- 
tity and quality of the getter agent of the getter device are adjusted to 
maintain the ratio of 50% or more of the total pressure. Since the vacuum 
pump has a large capability of exhausting gas having a large mass number 
such as argon, increasing the exhaust conductance can lower the partial 
pressure of argon. Partial pressures of active gases such as oxygen, nitro- 
gen, hydrogen and water can be rapidly lowered by the pump operation of 
the getter. Since molecules of oxygen and nitrogen have a relatively large 
mass number, exhausting with the vacuum pump can be performed rela- 
tively efBciently. The above-described conditions are adjusted to maintain 
the partial pressure ratio of 50% or more of the total pressure. During the 
emitter driving, the residual gases having small mass numbers (4 or less) 
such as helium and hydrogen ionized with electrons performs mild sput- 
tering on the surface of the cathode cone and cleans it. When the 
maximum potential difference between the electrodes is 560V or less, the 
gas having a small mass number can perform sputtering. Accordingly, gen- 
eration of a cascade within the cathode cone made of molybdenum becomes 
slight, thus reducing the damage of the cathode cone. Moreover, the gases 
and the secondary electrons emitted by the sputtering operation are low- 
ered, and the discharge breakdown induced by the sputtering operation is 
also repressed. 
[0038] 

After the emitter driving thus performed, the vacuum level is im- 
proved with two operations that are exhausting with the vacuum pump and 
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the getter pump operation, then the sealing is performed. In this case, the 
total pressure is 1 x 10'^ Torr, which is approximately the limit of the coun- 
ter pressure. The sealing is performed when the total pressure is equal to 
the limit of the counter pressure or less. After the sealing, the vacuum lev- 
el is further improved with the getter pump operation, and in 30 minutes, 
the second emitter driving as raster scan is performed. 
[0039] 

Next, description will be made for a constitution of the exhaust ap- 
paratus for executing the above-described exhausting process. Fig. 4 shows 
the constitution of the exhaust apparatus. In the drawing, the same com- 
ponent parts as those shown in Fig. 8 are denoted with the same reference 
numerals. As shown in Fig. 4, the exhaust apparatus of this embodiment 
comprises the electrode heating induction heating coil 13 and the heat re- 
sistant wiring 14, in addition to the constitution of the device described with 
reference to Fig. 8. The electrode heating induction heating coil 13 is a de- 
vice for performing the electrode heating as shown in the flowchart of Fig. 2. 
In the conventional electrode heating, a similar device has been used. 
However, the device described herein comprises a current adjusting mecha- 
nism which can stably supply a heating temperature of about 300t:. The 
heat resistant wiring 14 is provided for the first field emitter driving as 
shown in the flowchart of Fig. 2, and has a resistant capability to heating 
with a heating furnace. 
[0040] 

Next, description will be made for an embodiment, which corre- 
sponds to claim 3 of the present invention, with reference to Figs. 5 and 6. 

Fig. 5 shows an example of the constitution of the electron gun of 
the traveling wave tube electrode. In Fig. 5, the cathode 2 is a micro field 
emitter, and fixed to the base 15 made of metal. The base 15 also serves as 
wiring for applying a potential to the cathode cone of the emitter. The 
wiring 16 for applying a potential to the gate electrode of the emitter, the 
first anode 17 and the second anode 18 are provided. When the traveling 
wave tube is put into practical use, voltages equal to 1 kV or more are re- 
spectively applied to the electrodes of the first anode and the second anode. 
In the practical use, voltages of OV and 120V are respectively applied to the 
cathode cone and the gate in the cathode using the micro field emitter. In 
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this embodiment, in the emitter driving immediately after the getter heat- 
ing, all the electrode potentials relative to the potential of the cathode cone 
is set to be lOOV or less as shown in Fig. 5. Note that a potential of the 
container is OV. 
[0041] 

Fig. 6 shows a flowchart of the getter process in the traveling wave 
tube. As shown in the drawing, the field emitter driving is performed im- 
mediately after the getter heating. The initial potentials in this case are as 
shown in Fig. 5. The potential of the gate is gradually lowered in accor- 
dance with the cathode current. These procedures are as described in the 
embodiment which corresponds to claim 1. In this embodiment described 
herein, the cathode current is set to be lOOfiA. The non-evaporation type 
getter is used. The non-evaporation type getter adsorbs the residual gas 
remained in the container by utilizing the adsorption function of the solid 
surface of the getter agent of the getter device, thus elevating the vacuum 
level. Since the solid surface after adsorbing the residual gas becomes in- 
active, it is necessary to move the solid molecules by heating the getter in 
order to expose the active surface. During this heating, the gas emission 
occurs from the getter agent and the vicinity thereof. Particularly during 
the first getter heating in the vacuum, a large amount of gas contained in 
the getter agent and the vicinity thereof is emitted. The getter heating 
shown in Fig. 6 is the first heating in the vacuum. The gas emitted by this 
heating is ionized with electrons to sputter and clean the cathode cone. 
Since a potential difference between the cathode cone and other electrode 
portions is maximumly lOOV, the damage such as discharge breakdown in- 
duced by the ion bombardment is reduced. 
[0042] 

In the above-described embodiments, particularly in the embodi- 
ments corresponding to claims 1 and 2, descriptions have been made for the 
CRT taken in example. However, these embodiments can also apply to a 
flat display using the cathode ray tube similarly. Moreover, in the above - 
described embodiments, descriptions have been made for the micro field 
emitter taken in example as the cathode. However, these embodiments can 
also apply to a thermionic cathode similarly. In this case, electrons are 
emitted with heater heating. 
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[0043] 

[Effects of the Invention] 

Since the present invention is constituted as described above, effects 
described hereinafter are taken. 
[0044] 

In the invention described in claim 1, electrons are emitted from the 
cathode while gas is emitted by heating the getter device in the step of ex- 
hausting the cathode ray tube, thus performing ion-sputtering to the 
cathode. As a result, the cathode is cleaned, thus improving the electron 
emission characteristic. 
[0045] 

Moreover, in the invention described in claims 2 and 3, the above- 
described effects can be obtained v^hile reducing the discharge breakdown of 
the cathode. 

[Brief Description of the Drawings] 

[Figure 1] A flowchart showing features of the method of manufacturing a 
cathode ray tube best, which corresponds to claim 1 of the present invention. 
[Figure 2] A flowchart showing features of the method of manufacturing a 
cathode ray tube best, which corresponds to claim 2 of the present invention. 
[Figure 3] A graph explaining a state within the cathode ray tube in the 
method of manufacturing a cathode ray tube, which corresponds to claim 2 
of the present invention. 

[Figure 4] A constitutional view of an exhaust apparatus of the cathode ray 
tube, which corresponds to claim 2 of the present invention. 
[Figure 5] A constitutional view showing an example of an electron gun 
portion of a traveling wave tube as a cathode ray tube, which corresponds to 
claim 3 of the present invention. 

[Figure 6] A flowchart showing the method of manufacturing a cathode ray 
tube, which corresponds to claim 3 of the present invention. 
[Figure 7] A constitutional view of the conventional cathode ray tube. 
[Figure 8] A constitutional view of the exhaust device of the conventional 
cathode ray tube. 

[Figure 9] A flowchart showing the exhausting process of the conventional 
cathode ray tube. 
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